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ABSTRACT
The Lantern property and Scossa mining district o-f 
northern Pershing County, Nevada, exhibit gold-silver 
mineralisation characteristic o-f epithermal systems. 
Mineralised boulders deposited as clasts in a mid-Tertiary 
fanglomerate bed and "in-place" mineralisation of Tertiary- 
Quarternary sediments indicate that two separate 
hydrothermal systems have operated.
Alteration, texture, and grade of mineralised rock 
that occur in three separate areas were influenced by the 
physical characteristics of the host rock-type: 1) Miner­
alisation and alteration in a thick metamorphic sequence of 
phyllite, quartsite, sandstone, and carbonate is restricted 
to fault sones. The confined alteration and mineralisation 
reflects the impermeable and nonreactive nature of the 
metamorphic sequence; 2) A near-surface "hot-springs" sys­
tem operated in a permeable fanglomerate during the late 
Tertiary to early Quaternary resulting in widespread ser 
icitic, argillic, and propylitic (?) alteration. Erratic 
mineralisation was concentrated into veins below a silici- 
fied seal or cap; and 3) A hydrothermal system operated in 
interbedded fine to coarse grained sediments during the 
mid-Tertiary. This event produced relatively high grade 
mineralisation which indicates that precious metals 
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The -field area, in northern Pershing County immed­
iately west o-f the Scossa mining district, is 45 miles 
north o-f Lovelock, Nevada (Figure 1). The research -focuses 
on the Lantern property in sections 5, 6, 7, 8, 17, and 18, 
o-f T. 33 N. R. 30 E. (Figure 2). However, the map also 
includes the Scossa mining district and the total study 
area is bounded by: the crest of the Antelope Range to the 
east; the crest of the Kamma Mountains to the west; the 
Placerites mine to the south; and Rosebud Canyon to the 
north (Plate I). The area encompasses parts of the 
Sulphur, Scossa, Sawtooth, and Placerites 7.5 minute 
quadrangles.
State highway 48, a graded gravel road, traverses the 
field area and connects Lovelock (located 92 miles east of 
Reno on interstate 80) to Sulphur, Nevada. State highway 
49 connects Gerlach, Sulphur (highway 48), and Winnemucca 
with a graded gravel road. Access by un-improved dirt road 
from Imlay crosses the Antelope Range at Imlay Summit and 
connects with highway 48 at Rosebud Canyon. Access from 
Lovelock, Imlay, and Winnemucca is generally good year 
round, however, mud—holes and wash-outs cause many anxious 
moments while travelling during the winter months.

scale: 1 . 43000
Figure 2 . Location of the Lantern property in relation 
to the field area Plate I.
Oj
Flooding of the Humboldt river, during spring and early 
summer, can close access from Imlay and Winnemucca.
PURPOSE
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The main abjective of this work was to map the geology 
and define the relationships between the mineralisation at 
the Scossa mine; the Gold Zone, and the Silver Ridge Area 
(Plate I). Mapping of the surrounding area provided 
geologic information which allowed interpretation of the 
structural and stratigraphic conditions controlling 
mineralization. Laboratory work focussed on the types of 
mineralization and alteration occurring in the mineralized 
areas. Field and laboratory work together has led to 
interpretation of some of the parameters that effected the 
mineralizing systems.
PHYSICAL FEATURES, CLIMATE, AND VEGETATION
The area is typical of Basin and Range topography. 
Block faulted horsts form mountain ranges that reach a 
maximum elevation of 2000 meters in the Antelope Range. 
Grabens underlie the intervening basins that are as low as 
1400 meters.
Climate is arid high desert with an average rainfall of 
less than 25 centimeters of rain per year. The vegetation
is typical of an arid climate with a deep water table 
(Figure 3). Sagebrush dominates the vegetation, however, 
grasses are present often associated with calcareous rocks 
or shear zones. Rare pinion pines occur at higher 
elevations concentrated around the drainages.
HISTORY AND PREVIOUS WORK
Gold placers were initially discovered at Placerites 
in the early 1870's and later at Rabbit Hole in 1900 
(Vanderburg, 1936B; and Johnson, 1973). Gold-silver vein 
ore was discovered in the Seven Troughs Range in 1905 and 
at Rosebud Peak in 1906 (Ransome, 1909). Gold discovered 
by James and Charles Scossa led to the development o-f the 
Scossa district in 1930 (Jones et al., 1931). The largest 
mine workings at Scossa consist o-f: 1) a 122 meter-deep 
sha-ft with 305 meters of lateral workings; and 2) a 21 
meter-deep shaft with approximately 107 meters of lateral 
workings. Numerous prospects were developed on parallel 
veins but were never mined (Vanderburg, 1936A). Gold- 
silver production between 1931 and 1934 for the Scossa 
district was 368 tons of ore, containing 489 oz. of gold 
and 705 oz. of silver; production for 1936-38 was included 
with that of the Antelope district (Johnson, 1977). The 
Lewis Gold mine, recently developed in the Sulphur 
district, has a production date in 1985.
Figure 3. View o-f the Lantern property looking east; SC - 
Scossa mine; AN - Antelope Range; SR - Silver 
Ridge Area; SZ - Gold Zone Area; sp - SP Ridge; 
ag - Ag Ridge.
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Previous geologic studies consist of reconnaissence 
work done by Ransome (1909), Jones et al. (1931), and
Vanderburg (1936A). Unpublished reconnaissance maps used 
by Johnson (1977) -for the Pershing County geologic map were 
done by J. H. Stewart and the geologic staff of the 
Southern Pacific Railroad.
In 1980, Dave Sterling located claims representing the 
core of the Lantern property. Since then the property has 
been optioned by: Galli Exploration who did preliminary 
sampling and trenching; Nevada Resources who trenched, 
sampled, and staked additional claims, delineating 250,000 
ounces of silver as geologic reserves in the Silver Ridge 
Area (Barnett, 1984); Nassau LTD. which targeted drill 
holes and subleased the property to Getty Oil; Getty Oil 
drilled 10,000 feet; and Newhawk Gold Mines LTD mapped, 
sampled, trenched, and drilled 2,070 feet. Mapping and 
sampling for Newhawk Gold Mines LTD, were accomplished by 
John Barnett and myself during July and August of 1983 and 
trenching and reverse-circulation rotary drilling were 
completed in February 1984.
METHODS
Thesis field mapping was done on air photos at the 
scale of 1" = 1500'. The geologic map which covers nearly 
40 square kilometers took five weeks to complete during
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the aid of a Bausch and Lomb Zoom Transfer Stereoscope, on 
a 1" = lOOU enlargement o-f the topographic base map. The 
generalized stratigraphic column (Figure 5) is a com­
pilation o-f subsurface drill information and surface strat­
igraphic sections measured with a jacob staff. Due to the 
conditions of the Scossa mine workings no underground 
mapping was attempted.
Laboratory work included: 1) study of seven thin
sections of igneous rocks and four thin sections of vein 
material; 2) analysis of 15 samples by x-ray diffractometer 
to identify alteration mineral assemblages; 3) study of 
five doubly polished sections which was unsuccessful in 
finding adequate fluid inclusions; 4) analysis of two 
samples of igneous rocks for silica, titanium, and iron 
abundance by x-ray fluorescence spectrometry; 5) analysis 
of three samples by the scanning electron microscope 
(S.E.M.) that identified fine grained gold and silver; and 
6) study of 14 polished thick sections to identify the 
opaque mineral phases in mineralized and altered rocks.
Samples provided by Newhawk Gold Mines LTD. were 
analyzed by Vangeochem of Vancouver, B. C. and Barringer 
Resources of Reno, Nevada. Samples were analyzed for gold 
and silver by fire assay; and for arsenic and mercury by 
atomic absorption spectrometry. Samples taken in the Gold 
Zone are of silicified sediment or "banded" vein boulders 
greater than 30 centimeters. Samples from the Silver Ridge
9
greater than 30 centimeters. Samples -from the Silver Ridge 
Area are 1.5 meter continuous chip samples that extend end 
to end accross the en echelon veins at intervals of 30.5
meters along the strike of the veins.
REGIONAL GEOLOGY
REGIONAL STRATIGRAPHY
The oldest rocks exposed in northwestern Nevada are 
mostly Jurassic-Triassic deep marine sediments which have 
been intruded by Cretaceous intrusives. This belt of 
Mesozoic rocks trends roughly northeast somewhat parallel 
to Paleozoic sequences in central and eastern Nevada 
(Stewart, 1980). The parallel trends may reflect the 
ancient western continental margin of North America during 
the Paleozoic and early Mesozoic.
The Jurassic-Triassic sediments consist of an 
extremely thick pile of phyllite, quartzite, sandstone, and 
carbonate. The term "Mud Pile" was used to describe these 
rocks until Burke and Siberling (1973) proposed the formal 
name "Auld Lang Syne Group", for exposures in the East 
Range 60 kilometers to the east. Burke and Siberling 
contend that the Auld Lang Syne Group encompasses all 
lithologically similar Mesozoic rocks in northwestern 
Nevada. Speed (1978A) suggests that the Auld Lang Syne 
Group be divided into depositional environments and has 
proposed the term Clan Alpine sequence for rocks that 
consist of si 1icaclastic distal turbidite and hemipelagite 
with varying amounts of quartz sandstone, deep-water 
cong1omerate, and associated carbonate that accumulated in
deep trough or trench off the Mesozoic continental margin. 
Speed has recognized the Clan Alpine sequence in the Clan 
Alpine Mountains, Stillwater Range, and West Humboldt Range 
and contends that rocks deposited under similar conditions 
(basinal terrane) continue northward to the Antelope and 
Santa Rosa Ranges (Figure 4). The Clan Alpine sequence has 
its type locality in the Clan Alpine Mountains (Speed, 
1978A), (Figure 4) where it is 5.5 kilometers thick with 
the base not exposed, and the upper contact an erosional 
unconformity. According to Willden (1963) the depositional 
base of the Clan Alpine sequence is exposed only in the 
Black Rock region of northwestern Nevada where Permian 
metavolcanics supposedly underlie the basinal terrane. 
Recent work by Russell (1984), suggests that the Happy 
Creek Volcanic Series of Willden is actually younger or 
equivalent in age to the Clan Alpine sequence.
The source for the voluminous sediment of the Clan 
Alpine sequence is discussed by: 1) Compton (1960) who 
contends, from petrologic and chemical evidence, that one 
northern source area exists for the entire sequence; 2) 
Siberling and Wallace (1969) who suggest a continental 
source east of the northern Colorado Plateau; and 3) Speed 
(1978A and B) who is in agreement with Siberling and 
Wallace but also proposes a source from a volcanic arc 





the Clan Alpine 
sequence and 
basinal terrane 
adapted from Speed 
(1978A).
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Cenozoic valcanism in Nevada began approximately 43 
million years ago (m.y.a.). This volcanism is divided by 
Stewart (1980) into -four categories based on age and 
lithology: 1) 43-34 m.y.a. consists of andesite and
rhyolite lava -flows; 2) 34-17 m.y.a. consists o-F voluminous 
eruptions o-f quartz latite and rhyolite ash—flow tuffs; 3) 
17-6 m.y.a. consists of bimodel assemblage of rhyolite and 
basalt; 4) 6 m.y.a. and younger consists of basaltic lava 
flows. Volcanics in the field area are related to the 17-6 
million year and the 6 million year and younger categories.
Plutonic rocks which intrude the Clan Alpine sequence 
occur throughout northwestern Nevada. Intrusive rocks 
range in composition from gabbro to granite and range in 
age from Triassic to early Tertiary (Johnson, 1977).
Cenozoic sedimentary rocks in northwestern Nevada are 
mostly terrestrial fluvial, lacustrine, and alluvial fan 
deposits that were formed in restricted basins that were 
controlled by the developing Basin and Range topography.
REGIONAL STRUCTURE
Mesozoic structural deformation in northwestern Nevada 
reflects the change in the western continental margin from 
a passive to a convergent plate boundary. The middle to 
late Mesozoic Nevadan orogeny and the late Cretaceous to 
early Tertiary Laramide orogeny caused regional
14
metamorphism which resulted in -folding , faulting, 
foliation, and intrusion of the Clan Alpine sequence 
(Compton, 1960).
Cenozoic extension overprints the effects of the 
Mesozoic and early Tertiary orogenies with north-south to 
northeast trending high angle normal faults. This faulting 
has produced topography that is known geographically as the 
Basin and Range Province. The Basin and Range extends from 
southeastern Oregon and southwestern Idaho south to parts 
of California and northwestern Arizona, and from the 
Wasatch Range in central Utah west to the Sierra Nevada in 
California and westernmost Nevada.
Strike-slip faulting has also effected the development 
of the Basin and Range Province, but the resulting 
structural fabric is more subtle than the extensional 
structural features.
Strike-slip faulting began as early as mid Mesozoic 
and is characterized by the northwest trending Walker belt 
(Stewart, 1980). This belt is made up of a fault zone 80 
kilometers wide of dominantly right-1ateral strike-slip 
faults that extend nearly 650 kilometers along the western 
margin of Nevada and adjacent parts of California from Las 
Vegas, Nevada, on the south to easternmost California near 
latitude 40 degrees on the northwest. Strike-slip faults, 
however, are not restricted to the Walker belt (Slemmons, 
1967). Rowan and Wetlaufer (1979) have delineated the Rye
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Patch lineament system on Landsat images of Nevada. The 
three lineaments making up the Rye Patch lineament system 
are parallel to and lie about 100 kilometers to the 
northeast of the Walker belt. Rowan and Wetlaufer suggest 
that the lineaments represent right-1ateral strike-slip 
faults. The projection of the faults should cross the 
southern portion of the field area. None of the structural 
features identified in this study have been directly 
attributed to the Rye Patch lineament. However, it is 
likely that its influence would be recognized on a more
regional scale
16
STRATIGRAPHY AND STRUCTURE OF THE LANTERN PROPERTY
INTRODUCTION
The Lantern property is underlain by a thick sequence 
of metamorphosed Jurassic-Triassic sediments (phyllite, 
quartzite, limestone, argillite, and schist) of the Clan 
Alpine sequence. Unconformably overlying the Clan Alpine 
sequence are the Tertiary Kamma Mountain and Sulphur Groups 
which are dominated by pyroclastic volcanics at the base 
and grade upward into fanglomerate, sandstone, siltstone, 
mudstone, and air— fall tuff. Unconformably overlying the 
Tertiary and Jurassic-Triassic rocks is a Quaternary- 
Tertiary unconsolidated fanglomerate unit that is not 
related to present-day drainage systems. A generalized 
stratigraphic column for the Lantern property is shown in 
Figure 5.
Several deformations have effected rocks of the study 
area. Complex structures which have resulted include: 1) 
regional foliation and folding of Jurassic-Triassic rocks; 
2) folding of Tertiary volcanics and sediments; 3) strike- 
slip faulting; and 4) high angle normal faulting. High 
angle normal faulting is important in the placement of 
mineralization within the region.
■ GENERALIZED STRATIGRAPHIC COLUMN
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The oldest rocks exposed in the area are a regionally 
metamorphosed, 5.5 to 7.6 kilometer thick pile of sediments 
(Compton, 1961; Burke and Siberling, 1973; and Speed,
1978A) consisting o-f: phyllite, quartzite, sandstone, 
carbonate, and schist. Locally Felsic Tu-f-f (?) is 
interbedded within these sediments o-f this sediment pile 
and Diorite dikes clearly intrude the Jurassic-Triassic 
sediments.
Clan Alpine Sequence
The Clan Alpine sequence is exposed in the Antelope 
Range and continues north across Rosebud Canyon (Plate I). 
Additional exposures o-f Clan Alpine rocks occur along the 
eastern front of the Kamma Mountains south of Rosebud 
Canyon. In the Antelope Range the Clan Alpine sequence 
forms bold hills with craggy outcrops. West of the 
Antelope Range, however, the rocks are less resistant and 
form rounded hills, with rare outcrops.
The Clan Alpine sequence is dominantly phyllite.
Minor quartzite, sandstone, and limestone occur in 
structurally disrupted lenses that align parallel to
19
•foli ation.
Phyllite usually lacks primary sedimentary features. 
However, when foliation is weak, the sediment is laminated 
to medium bedded and well bedded; when siltstone interbeds 
are present, sedimentary structures, such as rip-up clasts 
and scours can be identified. Phyllite is light sea-green 
on a fresh surface and weathers dark green to brown. 
Mineralogy is usually a simple metamorphic assemblage of 
muscovite, chlorite, and quartz (Compton, 1960).
Brownish-orange quartzite and sandstone lenses two to 
three meters thick "float" in a phyllite matrix. Phyllitic 
foliation commonly curves around competent quartzite 
blocks. Quartzite is thick bedded to massive, lacking in 
internal texture and forms bold outcrops. Sandstone lenses 
do not crop out; instead, they form angular pebble float 
that weathers light to dark orange brown. Sandstone 
commonly has a calcareous matrix, with rare calcite or 
quartz veins.
The Clan Alpine sequence also contains: 1) an orange­
weathering limestone; and 2) a carbonaceous argillaceous 
limestone. The orange—weathering limestone is exposed as 
subcrops and low outcrops north of section 5, T. 33 N. , R. 
30 E. (Plate I). The limestone is composed of 
unfossi1iferous microcrystal1ine calcite with varying 
amounts of interbedded calcareous sandstone. The limestone 
is poorly bedded and medium to thick bedded; and usually
•fractured instead of foliated. Color and "limestone-like" 
appearance are characteristic of the unit.
Carbonaceous argillaceous limestone occurs in section 
9, T. 33 N., R. 30 E. (Plate I). It is thin to medium 
bedded, moderately bedded, and moderately foliated. It is 
graditional with interbedded carbonaceous argillite. The 
carbon content controls the color, which ranges from dark 
gray to black.
Bull quartz veins and veinlets are common throughout 
the Clan Alpine sequence. The largest quartz veins are 
related to secondary metamorphic cleavage. Smaller veins 
and veinlets formed when continuous quartzite and sandstone 
beds were broken, pinched, and shattered during 
metamorphism. Brittle shattering which resulted in quartz 
fracture fillings produced the veins characteristic of the 
quartzite unit (Figure 6).
A detailed formational breakdown of the Clan Alpine 
sequence was not attempted because of structural 
complexities compounded by the lack of stratigraphic marker 
horizons. Instead, a general lithologic map divides the 
distinctive rock units. Plate I only hints at the 
structural problems that are visible on smaller scale 
representations (Figures 7A and B) .
Figure 6. Hand sample of quartzite from the Clan Alpine
sequence showing the characteristic quartz veins 
and veinlets.
Figure 7A. Shearing and -folding in the Clan Alpine 
sequence adjacent to Rosebud Canyon.
Figure 7B Close up veiw of the folds in Figure 7A
Older Igneous Rocks
Igneous rocks which exhibit foliation and secondary 
cleavage similar to rocks which enclose and which occur in 
the Jurassic—Triassic Clan Alpine sequence are considered 
pre-metamorphic or older igneous rocks. The two types of 
older igneous rocks present are: Felsic Tuffs (?) ; and 
Diorite dikes.
Felsic Tuff (?), labled (JTrct) on Plate I, occurs 
only in the Clan Alpine sequence in section 9, T. 33 N. , R. 
30 E. (Plate I). The Tuff (?) has a strong foliated 
texture and outcrop trends are parallel to the wall rock- 
bedding (Figure 8). The unit is interbedded with 
carbonaceous limestone and argillite and wallrocks do not 
show thermal metamorphic effects that would suggest an 
intrusive origin. Felsic Tuff (?) is probably more 
abundant than its representation on Plate I, but it does 
not crop out or exposures are to small.
Felsic Tuff (?) consists of calcite, chlorite, and 
quartz, with varying amounts of talc or antigorite.
Hematite psuedomorphs after five millimeter euhedral pyrite 
crystals make up to V/. of the Tuff (?) . Euhedral relic 
feldspars are sparsely distributed throughout the rock.
A' tuffaceous origin is suggested by: 1) contrasting 
appearance but similar metamorphic mineralogy to the 
enclosing phyllite of the Clan Alpine sequence; 2)
m H H i
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Figure 8. Exposure o-f Felsic Tuff (?) unit interbedded 
with phyllite in the Clan Alpine sequence.
25
conformable nature; o) presence of euhedral feldspars; and 
4) lack of thermal contact effects in the wallrock. The 
age of the Felsic Tuff (?) is considered contemporaneous 
with the Clan Alpine sequence at late Triassic to early 
Jurassic.
Diorite dikes (Kd) intrude the Clan Alpine sequence on 
the eastern portion of the map area in sections 3, 9, 10, 
15, and 22, T. 33 N., R. 30 E. (Plate I). The dikes form 
distinct ridges, and one exposure can be traced northwest 
2.5 miles along strike along the western edge of the 
Antelope Range. The dikes are easily seen on air photos 
due to their resistant nature and light yellow color that 
contrasts with the darker phyllite wallrock. Dikes are 
moderately foliated or contain secondary cleavage that is 
parallel to cleavage in the phyllite wallrock. The dike 
cuts bedding and foliation.
Diorite dikes consist of fine crystals (<lmm.) of 
plagioclase (1abradorite), potassium feldspar, and quartz. 
Biotite and amphiboles have been altered to muscovite and 
chlorite and feldspars are pervasively altered to sericite. 
The dikes have a hypidiomorphic-granular fabric (Figure 9).
A Cretaceous age is suggested by Jones et al. (1931)
from lithologic and compositional correlation to other 
intrusives in the Jurassic—Triassic sequence. Ferguson and 
Muller (1949) suggest that regional deformation began as 
early as late Early Jurassic and was completed by middle
26
Figure 9 Texture and alteration of Diorite dike (Kd) of Cretaceous age; P — plagioclase; M - muscovite; 
Q - quartz, (crossed nicols)
Ear 1 y Cretaceous (Wilden, 1958) in Nevada. Intrusion could
have occurred contemporaneous!y with regional metamorphism 
during the early Cretaceous.
Tertiary Rocks
The term, Kamma Mountain Group, is an informal name 
used by Wallace and Friberg (1984) to describe 1830 meters 
of dominantly volcanic rocks present near the Sulphur 
district 15 kilometers north of the study area. The upper 
portion of the Kamma Mountain Group has increasing amounts 
of mudstone, siltstone, sandstone, and sedimentary breccia.
The Sulphur Group, not a formally named unit, is used 
by Wallace and Friberg (1984) to describe a 610 meter 
section of mudstone, lacustrine tuff, limestone, evaporitic 
horizons, siltstone, sandstone, conglomerate, and 
fanglomerate also present in the Sulphur district.
Tertiary igneous rocks include two types of dikes 
which intrude Clan Alpine sequence rocks.
Kamma Mountain Group
The Kamma Mountain Group is exposed chiefly in the 
Kamma Mountains, from the Sulphur district south to the 
northern extent of the Seven Troughs Range (Figure 1). 
Correlation of the Kamma Mountain Group to the Desert Peak
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-formation (Axelrod, 1958) extends the distribution south 
103 kilometers to the Hot Spring Mountains (Figure 1).
The Kamma Mountain Group is exposed on the western boundary 
o-f the -field area (Plate I).
The Kamma Mountain Group exhibits two different out­
crop patterns: 1) The steep-sided Kamma mountain crest 
north o-f the Lantern drainage (Plate I) which is -formed by 
massive basal volcanics; and 2) Flatiron and hogback 
topography west o-f sections 18 and 19, T. 33 N. , R. 30 E. 
which are underlain by the interbedded sediments and 
volcanics.
The basal contact o-f the Kamma Mountain Group is 
poorly exposed in the northwest corner o-f the study area 
(Plate I) where small outliers o-f volcanic rock are in 
angular unconformity with the Clan Alpine sequence. The 
upper contact is arbitrarily placed above the last 
prominent ash—flow tuff unit and below a sequence of 
mudstone with interbedded fanglomerate.
The lower units in the Kamma Mountain Group consist of 
ash-flow tuff and flow breccia. Ash-flow tuffs are 
massive, and lack distinct cooling units because welded zones are 
poorly developed. Ash—flow tuffs are orange to yellow gray 
and range from lithic—rich to crystal—rich rhyolite.
Crystal fragments are quartz and sanidine. Lithic 
fragments include many types of volcanic rocks as well as 
phyllite from the Clan Alpine sequence. Pumice fragments
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and groundraass are devitrified and exhibit microcrystal 1 ine 
to cryptocrystal 1 ine textures. Gray to maroon -flow 
breccias contain flow-banded rhyolite fragments that are 
subrounded to rounded and range in size from lapilli to 
blocks. The vent source for the Kamma Mountain Group is 
proximal to the field area, because: 1) the coarseness of 
the basal flow breccias; and 2) closely related rhyolite 
intrusives (Wallace and Friberg, 1984).
The upper portion of the Kamma Mountain Group consists 
of lenses and tongues of ash-flow tuffs, lacustrine sed­
iments, and sedimentary breccias. Unconsolidated sed­
imentary breccias, representing small fan deposits, contain 
volcanic, phyllite, and quartzite clasts. The finer 
grained material represents epiclastic lake sediment and 
water— laid tuff (Wallace and Friberg, 1984) . They are
thin to medium bedded, moderately to well bedded, and 
occasionally contain lunate ripples.
The Kamma Mountain Group is correlated to the Desert 
Peak formation which is early to middle Miocene (Axelrod, 
1956). The Desert Peak formation consists of mafic and 
rhyolite tuffs with varying amounts of siliceous shale. 
Axelrod (1956) suggests that felsic volcanics increase in 
the Desert Peak formation to the northeast which may 
explain why the Kamma Mountain Group is dominantly 
rhyolite. In the Hot Spring Mountains (Figure 1), the 
Desert Peak formation is overlain by the type section of




Sulphur Group sediments are exposed south of the Black 
Rock Desert, and correspond to the Tertiary sediments (Ts) 
o-f Johnson (1977). The Sulphur Group sediments in the 
field area occur in a linear zone along the eastern front 
of the Kamma Mountains, and in the southwest corner of the 
area (Plate I).
The Sulph-ur Group occurs as low dissected hills and is 
usually poorly exposed. Bedding attitudes were wrested 
from subcrops of fine grained sediments in the drainages, 
or from low outcrops of siliceous shale. The basal contact 
of the Sulphur Group is gradational with the underlying 
Kamma Mountain Group. The contact is placed above the 
upper-most ash-flow tuff unit and below a white siliceous 
mudstone. The upper contact of the Sulphur Group is an 
erosional surface, locally in angular unconformity with the 
Rabbit Hole-Piacerites Gravel and Quaternary alluvium.
The Sulphur Group is dominantly fine grained mudstone, 
siltstone, tuff, limestone, and evaporitic calcite beds 
with local interbedded fanglomerate and conglomerate. Fine 
grained sediments are laminated to medium bedded, and 
moderately bedded. Sedimentary structures include lunate
Colorsand linguloid ripples, grading, and bioturbation. 
on -fresh surfaces are gray green, light yellow and white; 
weathered colors are green, brown, and yellow. Limestones 
weather dark orange brown and are usually fossi1 iferous. 
Sedimentary calcite beds, up to three inches thick, 
represent recrystal 1ized evaporitic horizons.
Coarse grained sediments rarely crop out. Exposures 
in trenches indicate that poorly sorted fanglomerate 
rapidly grades into conglomerate, sandstone, and siltstone 
both laterally and vertically. Sandstone and siltstone 
form sediment drapes; "trough-like" channels; and infill 
around boulders. Fanglomerate beds are three to three 
hundred feet thick, and consist of fragments of phyllite, 
quartzite, sandstone, and quartz of the Clan Alpine 
sequence. Mineralized boulders are present in the upper 
fanglomerate beds of the Sulphur Group, and constitute the 
Gold Zone occurrence on (Plate I).
Fanglomerate and conglomerate occur as lenses, 
tongues, and channels that are discontinous and variable in 
thickness. They are distinct from the fine grained 
sediments of the Sulphur Group, but they resemble sediments 
of other sequences. Criteria for mapping a Sulphur Group 
fanglomerate are: 1) association with the fine grained 
sediments of the Sulphur Group; 2) float which contains 
evidence for cemented phyllite clasts; and ■_■>) float which 
does not contain abundant volcanic debris.
Fauna and -flora -found in the Sulphur Group include 
snails, leaves, grass, reeds, and pine cone imprints. 
Gastropods give a middle to late Miocene age (Firby, oral 
communication, 1985). Flora -found in Tertiary sediments by 
J. H. Stewart, north o-f the Seven Troughs Range -five 
kilometers south o-f the field area, are middle to late 
Miocene (Johnson, 1977).
The Truckee formation is correlated lithologically and 
time-stratigraphically to the Sulphur Group. The Truckee 
formation, in its type locality in the Hot Spring 
Mountains, is dominated by lacustrine sediments with lesser 
amounts of limestone, sandstone, and sedimentary breccia, 
and it is gradational with the underlying Desert Peak 
formation as is the Sulphur Group with the Kamma Mountain 
Group.
Lithologies in the Sulphur Group suggest that 
deposition occurred in a quiescent basin which allowed the 
accumulation of thick sequences of lake sediment and 
lacustrine tuff with rare occurrences of limestones and 
evaporitic horizons. High energy deposits of fanglomerate, 
conglomerate, sandstone, and siltstone occasionally 
inundated the basin from a Clan Alpine sequence source
area.
Younger Igneous Rocks
Younger igneous rocks lack "foliation and secondary 
cleavage and are considered post—metamorphic. These 
include the Scossa dike; and a dike herein termed the 
F'orphyritic dike.
Scossa dike is an improvised name used to describe the 
dike in the Scossa mine area which is offset by mineralized 
structures in the mine workings. The dike rarely outcrops 
and was traced on float and drusy soil which has a green 
color characteristic of the dike. The dike is 20 feet 
thick and trends west-northwest parallel to the Rosebud 
Canyon lineament. It cuts foliation and bedding in the 
Clan Alpine sequence.
The dike, presently comprised of the propylitic 
alteration mineral assemblage chlorite, calcite, sericite, 
and pyrite contains relict plagioclase <1abradorite), 
hornblende, potassium feldspar, and a clinopyroxene 
(probably augite) . The dike is fine to medium crystalline 
<<1 to 5mm.) with a hypidiomorphic-granular fabric (Figure 
10A) and abundant miarolitic cavities filled with calcite.
The Scossa dike is similar in composition to the 
Cretaceous diorite dikes and is intruded into similar 
structural trends. The Scossa dike, however, does not 
contain metamorphic cleavage or foliation and thus was 
probably emplaced after the regional metamorphic event and
Figure 10B. Texture of the Porphyritic dike <Tpd> showing 
trachytic fabric and amygdules containing C 
calcite, and Q - quartz, (crossed nicols)
Figure 10A. Texture of the Scossa dike (Ts) ; P -
plagioclase; 0 - potasium feldspar; C -
clinopyroxene; H - hornblende; (crossed nicols)
therefore is younger than the Cretaceous dioritic 
i ntrusi ves.
F'orphyritic dikes in the Scossa mine area are 
approximately one meter thick and contain rare medium 
crystalline (l-5mm.) phenacrysts of plagiaclase (17.) and 
amygdules (l-5mm.) containing botryoidal quartz and calcite 
in an olive green groundmass. F'lagioclase laths and 
biotite plates form a trachytic texture in the 
microcrystal 1ine groundmass (Figure 10B). Sericite (after 
plagioclase) and chlorite (after biotite) are the dominant 
alteration phases. "Sill-like" offshoots along bedding 
planes and fault zones and sharp turns in strike are 
common. The dike is poorly exposed; outcrops dominantly 
occur in the drainages. The porphyritic dikes cross-cut 
the Cretaceous Diorite dikes.
Quaternary-Tertiary Rocks
The term Rabbit Hoie-Placerites Gravel (QTg) is 
improvised and is used to describe a minimum of 380 feet of 
coarse sedimentary breccia and fanglomerate.
Mafic intrusives and flows (QTv) also occur in the 
field area. The age relationship between them and 
the Rabbit Hoie-Placerites Gravel is unknown.
Rabbit Hoi e-F‘1 acer i tes Gravel
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Rabbit Hole F'lacerites Gravels correlate to the 
Quaternary-Tertiary Gravel (QTg) of Johnson (1977). They 
extend southward from the Sulphur district to the western 
front of the Trinity Range. In the field area, the Gravels 
occur in a north-northeast-trending zone parallel to 
exposures of the Kamma Mountain Group, Sulphur Group, and 
the Clan Alpine sequence. The Gravels cover suspected 
fault contacts in the Silver Ridge Area and along the Kamma 
Mountain frontal fault (Plate I). The best section of these 
Gravels is in the Silver Ridge Area in sections 8, and 9,
T. 33 N. , R. 30 E. (Plate I). Gravels of similar character 
occur at the Placerites and Rabbit Hole placer workings 
south and west of this study area and in the Sulphur and 
Rosebud districts north and northwest of the study area 
(Figure 1). Johnson (1977) suggests from field relations 
elsewhere in northern Pershing County that the Gravels are 
Plio-Pliestocene in age.
The basal contact of the Gravels is an angular 
unconformity with sediments of the three older units.
Gravels were derived dominantly from the Clan Alpine 
sequence (phyllite, quartzite, sandstone, and quartz). 
Volcanic debris becomes more abundant south of this study 
area and dominates at the Placerites placer mine. Bedding
characteristics of the Gravels are seen only in the Silver
Ridge Area, where outcrops are present because hydrothermal 
alteration has consolidated the Gravels* Gravels are 
poorly bedded, and thick bedded to massive. Beds vary 
■from framework to matrix support. Clasts range from 
pebbles to boulders that reach two meters in diameter. 
Phyllite clasts are subangular to angular; quartzite and 
quartz are subrounded. Matrix in unaltered Gravels is 
usually silt and clay. Unaltered and unmineralized Gravels 
are unconsolidated and their topographic expression is as 
rounded hills with up to 61 meters of relief. Similarity 
in elevation of the hill tops suggests that the area was 
once a nearly flat surface. Hydrothermal 1y altered Gravel 
exposed in the Silver Ridge Area (Figures 3, and 19) forms 
narrow ridges that have si 1icification zones and vein 
material in their core.
The Rabbit Hoie-Placerites Gravels represent widespread 
alluvial fans that extended westward from the Antelope and 
Trinity Ranges.
Mafic Intrusives and Flows
Mafic intrusives and flows occur in isolated areas 
along the western border of the area (Plate I). Extensive 
flows with internal feeder conduits are exposed south of 
the Lantern drainage west of section IS, T. 33 N., R oO E. 
(Plate I). These flows fill an erosional breach in a broad
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anticline that occurs in the underlying Kamma Mountain 
Group. Intrusives and extrusives are compositional1y and 
texturally similar making them indistinguishable in the 
field, however, thin feeder dikes intrude the Kamma 
Mountain Group south of the extensive flow area and have 
north-south and east-west trends. Other isolated exposures 
occur along and appear to intrude the eastern Kamma 
Mountain frontal fault. A small high silica rhyolite flow 
is associated with mafic intrusives and flows west of 
section 18, T. 33 N., R. 30 E. McKee (1971) contends that 
(bimodal) mafic and felsic magmas are typical of volcanics 
younger than 17 million years.
Mafic rocks range from porphyritic to hypidiomorphic- 
granular. F'lagioclase (labradorite to bytownite) and 
biotite phenocrysts are medium crystalline (l-5mm.) and 
locally broken and fractured. The plagioclase is often 
zoned. Groundmass is cryptocrystal 1ine to microcrystal 1 ine 
with a felted texture (Figure 11A). Hypidiomorphic- 
granular rocks are fine to medium crystalline (<l-5mm.) 
with abundant amygdules of quartz and cal cite. Altered 
mafic rocks have abundant chlorite and calcite in an 
intersertal texture with relic plagioclase and biotite 
crystals (Figure 11B).
Mafic intrusives and flows are clearly post Kamma
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Mountain Group and are probably of Quaternary Tertiary age 
similar to dikes and other mafic flows in Pershing County
BT5S"
Figure 11B. Texture and alteration o-f hypidiomorphic- 
granular mafic intrusives and flows (QTv) 
showing P - plagioclase, C - calcite, and 
CH - chlorite, (crossed nicols)
Figure 11 A. Texture of porphyritic mafic intrusives and 
flows (QTv) showing P - zoned plagioclase; and 




Quaternary Alluvium and Colluvium
Quaternary to recent alluvium and colluvium is 
widespread and covers extensive portions of the -field area. 
Alluvium and colluvium consist of all previously discussed 
rock-types and unconformably overlie units of all ages.
STRUCTURE
Metamorphic Foliation
Regional metamorphic foliation is widespread 
throughout the Jurassic-Triassic rocks. Compton (1960), 
from his studies in the Santa Rosa Range, reports that 
Jurassic-Triassic sediments were strongly folded, 
metamorphosed, and locally faulted at least once prior to 
the emplacement of Cretaceous granitic stocks. Post­
granite or Laramide deformations include local crushing, 
faulting, and twisting of quartzite and phyllite beds and 
the development of widespread horizontal cleavage.
Structural complexities in the Clan Alpine sequence in 
the field area probably represent the deformation suggested 
by Compton. However, timing for the development of the 
metamorphic fabrics is not distinctive. Some of the
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regional foliation and faulting are probably related to 
pre granite fnetamorphistn. Compton s post-granite or 
l—aramide deformation is responsible for; pinching and 
shattering of brittle quartzite beds; secondary cleavage; 
foliation of the Cretaceous Diorite dike (Kd) ; and west- 
northwest fault trends that predate Tertiary volcanics and 
sediments.
Foliation is well developed in phyllite of the Clan 
Alpine sequence where primary clays have recrystal 1ized to 
produce muscovite and chlorite. Foliation is dominantly 
parallel to bedding but exceptions occur where foliation 
has been influenced by faults and intrusives.
Foliation attitudes generally strike north-south and 
dip steeply to the west in the Antelope Range on the 
western boundary of the field area (Plate I). However, 
west of the Antelope Range foliation is north—south but 
dips are moderately to steeply to the east.
Folds
Tight asymetrical folds in the Clan Alpine sequence 
occur immediately west of the Scossa mine in section 10, T. 
33 N. , R. 30 E . A discontinous quartzite bed traces out a 
synform and adjacent antiform plunging to the northeast 
(Plate I). Small scale folds occur adjacent to Rosebud
7A and ED and locally grade into shearCanyon (Figures
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zones related and restricted to the Rosebud Canyon -fault.
A broad anticline occurs in the Kamma Mountain Group 
rocks south o-f the Lantern drainage west o-f section 18, T. 
33 N. , R. 30 E. (Plate I). Plate II shows a gradual dip 
reversal on the western portion o-f cross section B—B' . High 
angle -faults and mafic intrusives have complicated the 
fold, but it is symetrical about an axis trending northeast 
and plunging between 18 and 35 degrees to the southwest. 
The axis has been erosiohally breached and filled with 
mafic volcanics.
Tight isoclinal to asymetrical folds, which trend 
north-south and are overturned to the west occur in the 
Sulphur Group sediments sections 5, 6, and 18, T. 33 N. , R. 
30 E. . They are often doubly plunging with curved axial 
planes that are locally sheared. This structure and other 
aspects of the structural fabric of the Sulphur Group is 
best explained by gravity sliding using mechanisms 
described by Kehle (1970). Kehle points out that step 
thrusts, pull-apart grabens, bedding thrusts, isoclinal 
folds, and disharmonic folds are common structures in 
gravity slides. Local resistance to flow in gravity slides 
produce fold axes that are sinuous and oriented in 
directions other than perpendicular to the principal 
displacement direction.
Figure 12A shows small scale step thrusts, bedding 
thrusts, and disharmonic folds (Figure 1̂ .B) in rocks of the
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Figure 12A. Exposure of the Sulphur Group on a trench wall 
showing deformational characteristics of the 
sediments. Dark band is a recrystal 1ized 
calcite bed of evaporitic origin.
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Sulphur Group.
The direction of gravity -flow is considered to be 
either east to west or west to east, because o-f the 
dominant north-south trend o-f the fold axes. Formation of 
the required gradient to cause gravity sliding could be 
produced either by: 1) Broad folding in the Kamma Mountain 
Group which caused the Sulphur Group sediments to drape off 
the fold in a eastward direction; or 2) high angle step 
faults from the Antelope Range down to the Black Rock 
Desert which would provide a westward flow direction.
Faults
Faults in the field area trend west-northwest; east- 
west and northeast, north-northeast, and north-south.
West-northwest trending faults are characterized by 
the Rosebud Canyon fault (Plate I). Displacement is 
considered to contain an oblique or strike slip component, 
because of intense shearing and folding in adjacent rocks 
(Figures 7A and B) . West-northwest faults to the southeast 
have been intruded by igneous dikes (Kd and Td) , indicating 
that the west—northwest structural trend predates or is 
contemporaneous with Cretaceous deformation. Further to 
the south other faults parallel to Rosebud Canyon offset 
Tertiary and Quaternary sediments and appear to have normal 
displacement (Plate I).
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East west faults have left lateral strike slip dis- 
p 1 acements with variable amounts of offset (30.5 meters 
plus). They offset the Sulphur Group sediments in sections 
5, 8, and 18, T. N. , R. 30 E. (Plate I) and their strike 
is approximately perpendicular to the dominate north-south 
trend of the fold axes.
High angle normal faults trend northeast, north- 
northeast, and north-south and are related to Basin and 
Range tectonics. The eastern Kamma Mountain frontal fault 
has been used as a conduit for mafic and minor f el sic 
magmas, which is a characteristic of Basin and Range 
faulting (Mckee, 1971). Northeast, north-northeast, and 
north-south faults provided channels for hydrothermal 
fluids as is shown by: mineralization at the Scossa mine, 
and in the Silver Ridge Area (Plate I); and alteration 
zones along the Kamma Mountain frontal fault in section 6, 
and west of section 19, T. 33 N. , R. 30 E. . Mineralization 
in the Seven Troughs, Sulphur, Scossa, Rosebud, and 
Antelope districts is confined to northeast, north- 
northeast , and north—south faults, and there is a clear 




Gold-silver mineralization occurs in the Scossa mining 
district; the Gold Zone Area, and the Silver Ridge Area 
sections 6, 8, 9, and 10, T. 33 N. , R. 30 E. on the Lantern 
property (Plate I).
The Scossa mine was developed on -four parallel veins 
which cut the Clan Alpine sequence. The Gold Zone Area 
exhibits mineralized boulders that occur as clasts in 
Sulphur Group fanglomerate beds. Mineralized boulders 
consist o-f silicified sediments and crustiform "banded" 
veins. Mineralization in the Silver Ridge Area occurs in 
three vein systems which cut the Tertiary-Quaternary age 
Rabbit Hoi e-Placerites Gravels. Prospects developed on 
these veins in section 8, T. 33 N. , R. 30 E. were initially 
worked at the time Scossa was being developed between 1931 
and 1938. Further work during the 1950's has resulted in a 
stockpile o-f mineralized material.
SCOSSA MINING DISTRICT
The four north-northeast trending veins at Scossa 
(Plate I) are 0.5 to 2 meters wide and dip 50 to 75 degrees 
to the west. They consist of fault gouge with brecciated
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vein material, alunite (Jones et al., 1931), and wallrock 
breccias with cockscomb quartz matrix. Mineralization 
consists of hematite-goethite after pyrite and Jones et al .
reports the presence of electrum. Production data 
between 1931 and 1934 show that the ore averaged 1.33 opt. 
gold and 1.92 opt. silver (Johnson, 1977).
Alteration as well as mineralization at Scossa is 
restricted to the fault gouge or breccia within the veins 
reflecting the impermeable and nonreactive nature of the 
phyllite host rock.
GOLD ZONE AREA 
General Characteristics
The Gold Zone Area in sections 6, and 7, T. 33 N. , R. 
30 E. (Plate I) exposes fanglomerate beds of the Sulphur 
Group within which are boulders composed of silicified 
sediment and crustiform veins. Highest assays from 
selected chip samples of boulders greater than U.o meters 
in diameter are 1.466 opt. gold and 19.71 opt. silver 
(Table 1). Mineralized boulders are angular to subrounded 
with diameters up to five meters. Boulders of silicified 
sediments show at least two stages of brecciation and 
rehealing by very fine grained quartz (Figure 1--*A) . 
sedimentary textures indicate that boulders prior to
Relict
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Figure 13B. Crustiform "banded" vein material occurring in 
the Gold Zone Area.
Figure 13A. Silicified fine grained sediments of the Gold 
Zone Area showing brecciated and rehealed 
texture.
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si 1 ici-f ication and mineralization were -fine to medium 
grained sediments. Boulders of crustiform "banded" veins, 
consisting of quartz—adularia after calcite with abundant 
chalcedonic quartz (Figures 13B and 14A and B) sometimes 
contain wallrock fragments of silicified fanglomerate 
(Figure 17A).
Mineralogy, Assays, and F'aragenetic Sequence
In the Gold Zone, mineralogy of silicified sediment 
and' "banded" vein boulders is quartz, adularia, pyrite, 
marcasite, arsenopyrite, and chalcopyrite. Previous work 
(Barnett, 1984) and recent work on the Scanning Electron 
Microscope (S.E.M.) has, in addition, identified: electrum 
with gold to silver ratios (based on peak height ratios) at 
approximately 2 : 1 ;  acanthite (Figure 15) containing 
traces of selenium; and bromian cerargyrite. Table 1 is a 
compilation of assay values of 62 samples taken from 
boulders in the Gold Zone.
Pyrite occurs as: 1) grains disseminated in 
silicified sediment and "banded" vein boulders; 2) 
microveinlets; 3) overgrowths on and replacements of 
marcasite; and 4) relicts largely to completely replaced by 
hematite and goethite. Disseminated grains of pyrite are 
anhedral to euhedral, usually less than ten microns in 
diameter. Rarely grains are as large as three millimeters.
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QfListiform vein material showing quart*, 
replacement of calcite lamellae (brown 
acicular crystals), (crossed nicols)
Figure 14B.
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Polished section o-f crustiform vein material 
showing E - electrum, A — acanthite, and H — 
hematite after pyrite. (plane polarized light)
Figure 15.







#0.248 1.30 —54-j*3 *0,196 1.22 _ _5434 #0.086 1.02 — _
5435 #0.090 0.26 — _
5436 1. 108 11.07 — __
21651 + 0.21 40 2.0021654 + 0.07 35 1.3521658 0. 170 3.25 30 1.5021660 + 0. 10 30 0.2021665 0.312 2.06 35 10.50
21666 0. 158 0.22 20 1.43
21682 0. 016 0.41 10 0.36
21689 0.292 1.52 100 24.00
21690 0. 148 1.20 200 6.00
21691 0.054 0.44 60 2.30
21692 0.034 0.37 20 0.73
21694 0.210 2.25 100 1.31
21696 0.060 14.20 50 2.40
21697 0.092 0.56 150 6.10
21698 0.036 0.44 100 2.96
21700 0. 032 1.88 200 17.20
21701 0. 038 0.65 100 4.50
21702 0 . 030 0.31 40 4 . 00
21703 0 . 042 0 . 80 150 17.80
21704 0 . 062 1.80 100 7.00
21705 0 .022 0.31 200 0 . 19
21706 0 .024 0 .56 200 4.00
21707 0 .044 0 .30 150 4.50
21708 0 . 116 1.20 200 1.36
21901 0 .138 0 .26 60 0 . 80
21902 0 . 138 0 . 25 30 1.28
21903 0 . 236 3 .40 60 i o . oo
21905 0 .048 1.83 30 5 . 00
21906 0 .342 2 .07 60 7 . 00
21907 + 0 . 10 50 2.21
21908 + 0.21 30 1. 16
21913 0 .056 2.81 15 3 . 80
21914 0 .226 2 .22 20 8 . 20
21916 0 . 182 0 .26 25 0.89
21917 0 .026 0 .36 15 0 . 43
21918 0 . 232 2 .99 15 1. 85
n - Barringer Resources (lab); 
( —) - not analyzed
( + ) - below dectection
the rest Vangeochera Lab LTD
Table 1 (continued)
JO











5437 1.088 9.72 — _
5438 1.466 13.32 — —
5439 #0.088 0.40 - —
5440 #0.074 3.00 - —
5441 x0.646 4. 18 - —
5442 0.600 5. 18 - —
21652 0.020 4.06 20 4. 10
21653 0.204 1.49 15 4.60
21655 0.046 0.48 4 1.90
21656 0.058 0.83 4 0.80
21657 0.024 0. 63 15 1. 15
21664 0. 142 3.50 20 6.70
21671 0. 102 5.39 20 3.10
21683 0.244 4.73 10 16.70
21695 0. 136 19.71 4 125.00
21904 0.558 5.08 20 16.50
21909 0. 158 1.87 60 1.85
21910 0.044 0.91 4 0.75
21915 0.678 5.61 10 a . so
21919 0.338 4. 33 10 6.70
21920 0. 148 5.96 25 8.00
*n - Barringer Resources (lab); the rest Vangeochem Lab LTD. 
(-) - not analyzed
(+) - below detection
ASSAY LABS
Shasta Rocky Mtn. Vangeochem
1.466 same sample 0.922 opt Au 
site — 7.700 opt Ag
1.469 opt Au 
6.500 opt Ag
0.646 same sample 0.743 opt Au 
site — 9.000 opt Ag
0.944 opt Au 
6.850 opt Ag
Mi crovei nl ets are concentrations of pyrite grains along 
openings in the rock such as bedding planes or fractures. 
Vei nl ets are up to z.0 microns in width and two millimeters 
in length. Zoned overgrowths of pyrite on marcasite 
(Figure l&A) suggest that pyrite formed after marcasite. 
Pyrite also replaces marcasite (Figure 16B) where 
irregularly shaped marcasite relicts occur in the core and 
as inner layers of zoned pyrite crystals. Pyrite is 
replaced by hematite and goethite.
Marcasite occurs as: 1) grains disseminated in 
silicified sediment; and 2) relicts in pyrite.
Disseminated grains of marcasite are distributed throughout 
the rock and are associated with pyrite. Grains are 
usually anhedral and range from 10 to 500 microns in 
diameter. They are usually twinned.
Arsenopyrite occurs mostly as disseminated subhedral 
to euhedral grains less than ten microns in diameter.
Chalcopyrite replaces pyrite and marcasite and is in 
turn replaced by covellite and digenite (?) (Figure 17B) . 
Copper minerals are very rare and were identified only in 
micro—quartz veinlets in silicified fanglomerate fragments 
surrounded by "banded" vein material (Figure 17A) .
Hematite and goethite replace pyrite and fill 
fractures in oxidized rocks.
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The paragenetic sequence shown in Figure 18 is based 
on seven polished sections. Because of the few samples a
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Figure 16A. Polished section o-f silici-fied sediment showing 
(P) zoned pyrite crystal overgrowing (M) 
marcasite. (plane polarized light)
Figure 16B. Polished section o-f silicified sediment 
showing; (P) zoned pyrite crystal with 
partially replaced (relict) (M) marcasite. 
(plane polarized light)
Polished section of hand sample shown in 
Figure 17A: <C) covellite and digenite <?)
replaces <CP) chalcopyrite which has replaced 
(p) pyrite and (M) marcasite. Grain occurs in 




















Figure 18 Paragenetic sequence o-f the Gold Zone System
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detailed paragenetic sequence is speculative, however, some 
distinct relationships are apparent.
Quartz-marcasite is deposited -first. Pyrite follows 
and overgrows and partially replaces marcasite. 
Chalcopyrite replaces pyrite and marcasite in silicified 
fang1omerate. Electrum, and acanthite form in "banded" 
vein material during periodic hydrothermal boiling episodes 
and in quartz breccia matrix of the silicified fine grained 
sediment. Oxidation and supergene processes form hematite, 
goethite, covellite, and silver halides in mineralized 
materi al.
Age and Genesis
Mineralization in the source area for the mineralized 
boulders had to take place prior to the deposition of the 
Sulphur Group fanglomerate within which the boulders are 
now enclosed. However, the mineralized boulders exhibit 
original sedimentary textures similar to Tertiary sediments 
and are lithologically clearly distinct from the Clan 
Alpine sequence rocks. Age of mineralization is apparently 
restricted, therefore, to between early Miocene and early 
PI i ocene.
' Mineralization probably developed in a near surface 
"hot spring" environment similar to occurrences in the 
Sulphur district (Wallace and Friberg, 1984), and in the
59
Silver Ridge Area on the Lantern property (this study). 
Rapid erosion of the mineralized source area was caused by 
uplift. Small scale angular unconformities which occur in 
the Sulphur Group sediments are evidence that uplift did 
effect the Tertiary basin sediments.
A similar scenario has occurred during the Quaternary 
to Recent. . In the Silver Ridge Area of sections 8, 9, and 
17, T. 33 N. , R. 30 E. (Plate I) boulders up to ten meters 
in diameter of silicified fanglomerate (Figures 23A and B) 
occur as slope debris in the southwest portion of the 
Silver Ridge Area.
SILVER RIDGE AREA 
General Characteristics
Vein mineralization is closely associated with 
si 1 icification in the eastern portion of the Silver Ridge 
Area in sections 8 and 9, T. 33 N. , R. 30 E. (Plate I). 
Silicified fanglomerate forms 0.3 to 2 meter halos around 
numerous en echelon veins of quartz—alunite + jarosite 
(Figure 19) which are 0.5 meters thick and dip steeply to 
both the east and west. These veins locally contain pods 
of wal1 rock breccia with a cockscomb quartz matrix (Figure 
20). Such vein textures represent the best grade material.
Altered rocks extend over a 1.6 square kilometer zone
Figure 19. Photograph of en echelon quartz-alunite + 
jarosite veins in the Silver Ridge Area.
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Figure 20. Hand sample of breccia with cockscomb quartz matrix which is the highest grade material from 
the Silver Ridge Area.
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Figure 21. View looking northeast of the Silver Ridge
alteration halo; 
assemblage; SR - 
assemblage; PR - 
assemblage; AN -
AR - argillic alteration 
sericitic alteration 
propylitic (?) alteration 
Antelope Range; SP - SP Ridge.
i
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around the Silver Ridge Area (Figures 21 and 22) in 
sections 8, and 9, T. 33 N. , R. 30 E. (Plate I). The 
boundary of the alteration is somewhat circular, but 
important north-south linear patterns occur on strike and 
parallel with the vein systems (Figure 22). Intensely 
sericitized, argillized, and propylitized (?) rocks occur 
along the western border of the Silver Ridge Area.
Intensely silicified fanglomerate which resembles the 
Rabbit Hoi e—PIacerites Gravel occurs as boulders (slope 
debris) (Figure 23A) around the southern half of SF' Ridge 
in sections B, and 9, T. 33 N. , R. 30 E. (f'late I) (Figure 
24). Cobbles of quartz vein material are also abundantly 
present around the ridge. Silicified debris ranges in size 
from cobbles to boulders with diameters greater than ten 
meters which are subangular to subrounded. Matrix and 
clasts are completely replaced by very fine grained to 
cryptocrystal 1ine quartz, however, the original 
fanglomerate textures are preserved showing phyllite, 
quartzite, and bull quartz clasts (Figure 2oB).
Distribution of the silicified fanglomerate boulders 
is shown in Figure 24. The largest boulders occur around 
the southern half of SF' Ridge and high concentrations of 




23A. View o-f silici-fied boulders o-f the Rabbit 
Hoie-Placerites Gravel that occur as slope 
debis around SP Ridge.
Hand sample o-f silicified boulders in Figure 
23A showing preserved sedimentary textures;
P - phyllite; QZ - quartzite; Q - bull quartz
clasts.
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Figure 24. Distribution of silicified boulders of the 
Rabbit Hoie-Placerites Gravel that occur as 
slope debris around SR Ridge sections 8, 9, 16, 
and 17, T. 33 N. , R. -••0 E. .
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Mineralogy, Assays, and Alteration
Precious metal phases identified by the B.E.M. in 
seven polished sections include bromian cerargyrite and
which occurs in open vugs. Chip samples of vein 
and wal1 rock have erratic silver grades and low but 
consistent gold values (Table 2).
Alteration in the Silver Ridge Area consists of 
seritization, argi11ization, and propylitization (?)
(Figure 21). Sericitic alteration "bleaches" and 
consolidates the fanglomerate (Figure 25A) with little or 
no si 1icification. Matrix and clasts are altered to very 
fine grained sericite. Kaolinite is ubiquitous in the 
sericitic alteration assemblage and locally kaolinite 
dominates. Gravels dominantly altered to kaolinite 
characterize the argillic alteration assemblage. Argillic 
alteration results in the total destruction of the primary 
sedimentary features of the Gravels, including definition 
between clasts and matrix (Figure 25B). The most intense 
argillic alteration contains bull quartz vein clasts in a 
kaolinite matrix. Argillic alteration occurs as small pods 
containing veins and concretions (?) of quartz-alunite 
+ turquoise which are surrounded by intense sericitic 
alteration that continues to grade outward through the 
sericitical 1 y altered rock into a high iron propylitic (r) 
alteration assemblage.
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Table 2. Selected assays from the Silver Ridge Area.
western most vein system Plate I 
41 of 53 total samples
Sample Au Ag As Hqnumber (opt) (opt) (ppm) (ppm)
* 0. 04 100 0.03521711 0.006 0.06 15 0.02021712 0.006 0.49 30 0.08021713 0.014 0.42 —
21714 0. 016 19.94 15 1.90021715 0.006 1.24 50 0.01521716 0.020 2.03 — _
21717 * 1.31 40 0.01521718 0. 048 0.22 400 *
22004 0.014 0.46 20 0.050
22005 0.008 0.28 40 0.090
22006 0.032 0. 18 40 0.300
22009 0.028 11.94 80 0.480
22013 * 1.42 60 0. 120
22014 0.012 3.99 15 0.210
22016 0.005 1.62 40 0.035
22017 0.022 0.77 100 0.590
22018 0.012 1.99 30 0. 043
22019 0.022 0.55 150 0. 050
22020 0.016 0.38 30 0. 095
22021 0.012 0.65 60 0. 036
22023 0.028 0. 17 80 0.060
22024 0.018 0.45 30 0.350
22025 0. 022 0. 53 100 0.038
22026 0.014 0.30 60 0.026
22027 0. 020 0. 30 100 0. 040
22028 0.018 0.93 60 0.01899(‘)99 0. 030 1.36 200 0.048
22030 0.044 1.25 200 0.005
22031 0.028 1. 15 100 0.010
22032 0.064 0.60 300 0.015
22033 0.082 0.59 200 0.005
22034 0.076 0.47 200 0.005
22036 0.020 21.75 30 0. 115
22037 0.020 3. 58 50 0.053
22038 * 3.05 50 0.020
22039 0.042 0. 60 200 0.005
22040 0.018 0. 34 50 0.005
22041 0.014 0. 16 80 0.005
22043 0.016 0.32 40 0. 125
22044 0.020 0.53 60 0.055
(-) - not analyzed
(*) - below detection
69
Table 2 (continued).
eastern most vein system Plate I 
30 of 66 total samples
Sample Au Ag As Hgnumber (opt) (opt) (ppm) (ppm)
22045 0. 014 0.30 15 0. 16022107 * 1.58 40 0.57022111 0.012 7. 12 30 3. 60022112 * 1.08 60 1.60022119 0.022 0. 11 - —
22120 0.018 1.57 60 0. 560
22121 0.010 0.27 60 0. 044
0.012 1.30 40 0.090
22123 0.026 1.95 40 0. 102
22125 0. 018 0.31 30 0. 015
22126 0. 024 0.97 60 1.200
22127 0.014 0.41 40 0.030
0.014 0.40 40 0. 075
22130 0.022 0.47 100 0. 050
22159 0.010 0.32 60 0. 140
22131 0.020 0.41 60 0. 188
22132 0.016 0.90 10 0. 110
22133 0.010 0.84 20 0. 235
22134 0.018 2.43 60 0.010
22135 0.014 0.23 20 0. 430
22136 0.012 0.35 100 0.005
22137 0.012 0.66 40 0. 005
22138 0.014 0.72 60 0.008
22139 0.012 2.85 30 0. 480
22140 0.010 0.20 40 0.025
22141 0.010 0. 19 20 0. 170
22145 0. 008 0.28 100 0.018
22146 0.018 0.93 40 0.045
22154 0.018 0.26 400 0.010
22124 0.022 1.58 80 0.025
All assays done by Vangeochem Lab LTD. 
(-) - not analyzed
(*) - below detection
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Figure 25B. Exposure o-f argillically altered Rabbit Hole 
Placerites Gravel in the Silver Ridge Area.
Figure 25A. Exposure of sericitical1y altered Rabbit Hole- 
Placerites Gravel in the Silver Ridge Area.
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Propylitic (?) alteration is characterized by the red, 
orange, and brown coloring of the Gravels (Figure 21). The 
color is produced by abundant hematite, goethite, limonite, 
and calcite in the near surface oxidized exposures. These 
iron oxides are derived from a high pyrite—marcasite 
assemblage which drilling has shown to be present below the 
level of oxidation (Figures 26A and B). Disseminated 
grains and massive veins of euhedral to subhedral pyrite- 
marcasite occur 15 to 30 meters below the surface.
Hematite-goethite veins after sulphides occur at the 
surface in the western portion of the Silver Ridge Area 
sections S, T. 33 N. , R. 30 E. (Figures 27 and 28). 
Sericitic and argil lie alteration commonly occur in surface 
exposures of the propylitic (?) assemblage (Figure 27), due 
to alteration of the Gravels by acidic (supergene) 
solutions formed by the oxidation of pyrite and marcasite. 
Intense propylitic (?) alteration tends to consolidate the 
Gravel, however, where alteration is weak the Gravel is 
unconsolidated but retains the reddish brown coloring of 
the soi1.
Age and Genesis
Mineralization in the Silver Ridge Area took place 
after the deposition of the Rabbit Hole-Placerites Gravel




26A. Polished sections o-f drill cuttings -from the 
unoxidized propylitic (?) alteration 
assemblage containing (P) pyrite and (M) 
marcasite. (plane polarized light)
unoxidized propylitic (?) alteration 
assemblage containing (P) pyrite and <M) 
marcasite. (plane polarized light)
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Figure 27 Hematite-goethite veins in the propylitic (?) 
alteration assemblage o-f the Silver Ridge Area
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Figure 28. Close-up view o-f the hematite-goethite <a-fter 
marcasite and pyrite) veins in Figure 27 o-f 
the Silver Ridge Area.
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early Quaternary Johnson (1977). Age of mineralization is 
apparently restricted, therefore, to between late Tertiary 
to early Quaternary. Alunite in the Sulphur district 15 
kilometers to the north has been dated by potassium-argon 
methods at two million years (Silberman, 1981). This date 
supports the development o-f Tertiary-Quaternary 
mineralization in the region.
The silici-fied boulders shown in Figures 23A and B are 
interpreted to have been derived -from a silici-fied cap or 
seal that -formed above the vein systems in the southeastern 
portion of the Silver Ridge Area (Plate I). The silici-fied 
boulders scattered around SP Ridge are erosional debris 
-from the original silici-fied cap. The vein systems formed 
in response to sealing and fracturing of the silica cap.
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INTERPRETATION AND MODEL
Buchanan (1981) has provided a model -for the formation 
of epithermal veins in volcanic host rocks. Silberman 
(1981) , Berger and Einman (1983), and Bonham and Giles 
(1983) have postulated models for fossil "hot spring" 
environments. Studies of active geothermal systems by 
White (1981), Fournier (1983), and Ewers and Keays (1977) 
have contributed to the "hot springs" model. All of these 
models call on dynamic processes to initiate deposition of 
precious metals. The following discussion, applied to the 
Lantern property, uses concepts from each of these models.
Mineralized boulders that occur in the Gold Zone 
(Plate I) exhibit textures such as: 1) intensely 
silicified fine grained sediments that are repeatedly 
brecciated and rehealed with fine grained quartz; 2) 
crustiform "banded" veins that exhibit a periodic boiling 
texture; and 3) wallrock fragments in veins which are 
dominantly fanglomerate material. These textures clearly 
indicate that dynamic pressure changes related to solution 
boiling were common in the Gold Zone system.
Rapid quartz deposition and si 1icification of fine 
grained sediments effectively sealed the hydrothermal 
conduits in Tertiary sediments. When sealed, the system 
became over—pressured. This resulted in sudden violent 
releases of energy as pressure overcame the seal strength.
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Hydrofracturing, violent boiling and brecciation resulted 
and these provided prime conditions for the deposition of 
quartz, calcite, adularia, electrum, and acanthite. 
Continued quartz deposition resealed the system starting 
the cycle over.
Rock-type changes provided permeability variations 
that also influenced pressure in the hydrothermal system. 
F'ermeable sediments more easily allowed pressures to 
dissipate and thus the fluids in fanglomerate beds 
developed lower pressures than fluids in less permeable 
sediments such as siltstone and mudstone. Therefore, 
boiling occurred in permeable fanglomerate horizons but not 
in adjacent less permeable mudstone horizons.
Hydrothermal fluids in the Silver Ridge Area used 
north-south faults (?) similar to those present at Scossa 
as fluid channels through the Clan Alpine sequence beneath 
the Silver Ridge Area. Like Scossa, fluid flow was 
probably restricted to these channels until they entered 
the overlying permeable fanglomerate. Fluids probably 
began to boil under hydrostatic pressure and spread 
vertically and laterally. Boiling was responsible for the 
evolution of the volatile gases H^S, CC^j CH^, and H^O 
vapor. Condensation and oxidation of H,-,S formed sulfuric 
acid (H^SQ ) that altered the Gravels and formed kaolinite, 
alunite veins, and sericite in the Silver Ridge Area by the
following reactions:
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1.5 KAlSi^O + H+ 
f el dspar
KAl2 <AlSi^Q )(OH) 
"seri cite'
3 Al^Si^O (OH) + 
Eaof i ni te
- 0.5 KAl2 (AlSi3010) ( O H ) + K+ + 3 SiO^ 
sericite  ̂ ^
2 + H+ + 1.5 H20 =1.5 Al^Si^O^(OH) + K+
kaoltni’te
2 K+ + 4 SO “ + 6 H+ = 2 KA1_ (SO )^(OH)4 ,3 .,42 6alum te
+ 6 SiÔ , + 3 H^O
The development of a silica cap at or just below the 
water table similar to the silica cap in the Sulphur 
district (Wallace and Friberg, 1984) occasionally sealed 
the hydrothermal system. This sealing allowed pressure to 
increase which increased the amount of dissolved gases and 
possibly the amount of precious metals in solution. The 
veins farmed when the seal was broken and the pressure was 




Geologic information prior to the late Triassic is 
absent in the Lantern property as it is over most of 
northwest Nevada. However, beginning in the late Triassic, 
deposition of the Clan Alpine sequence produced thick
at i ons of turbidite and hemipelagite in a deep basin 
or trench off the western continental margin.
Mesozoic orogenies ended the deposition of the Clan 
Alpine sequence by early Jurassic. Lack of rock record 
suggests that these orogenic events continued through the 
Mesozoic. Regional metamorphic foliation, folding, west- 
northwest shearing, and intrusion of diorite dikes are 
characteristic of Mesozoic deformation.
Between early and middle Miocene a local volcanic 
center extruded a thick sequence of felsic pyroclastics, 
now the Kamma Mountain Group, onto an erosional surface on 
top of the Clan Alpine sequence. The volcanic event 
subsided, giving way to quiescent lake sediment deposition 
during the middle Miocene to early Pliocene. Basin and 
Range development associated with northeast, north- 
northeast, and north-south faults cause coarse grained 
fanglomerate sediments to occasionally and locally inundate 
the terrestrial lake basin. Uplifts within the basin 
formed angular unconformities within the sediments of the
Sulphur Group.
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Broad folding in the Kamma Mountains or uplift of the 
Antelope Range by step faulting, produced a local gradient 
which caused gravity slides to occur in the still 
incompletely consolidated Sulphur Group sediment.
1 c *cation and mineralization of interbedded lake 
sediments and fanglomerates produced a relatively high 
grade epithermal deposit that was partially eroded due to 
uplifts within the basin. Mineralized boulders that occur 
in a fanglomerate bed in the Sulphur Group sediments 
represent this hydrothermal event. The source area(s) of 
the mineralized boulders have not been found.
Continued uplift of the Antelope Range resulted in 
alluvial fans that extend westward to the Black Rock Desert 
and are now represented by the Rabbit Hoie-Placerites 
Gravel. The northeast Kamma Mountain frontal fault was 
eventually used as a conduit by mafic and minor fel sic 
magmas which resulted in volcanic flows in the southwest 
portion of the field area.
Mineralization in the Silver Ridge Area formed in a 
near surface "hot springs" environment during the late 
Tertiary or early Quaternary. The system boiled and this 
resulted in the evolution of abundant volatile gases. 
Condensation and oxidation of these gases produced acidic 
(low pH) solutions which resulted in widespread alteration 
of the Rabbit H o ie-Placerites Gravel. Gold and silver was 
concentrated in vein systems below a silica cap that formed
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at or just below the water table.
Uplift along north-south and west-northwest faults 
caused erosion that dissected the alluvial fan deposits of 




Two separate hydrothermal events have occurred in the 
Lantern property since the early Miocene. The -first 
event took place sometime between early Miocene and early 
Fliocene and is now represented by mineralized boulders in 
the Gold Zone (Plate I). This event is possibly the same 
as -formed the vein material that was later crushed and now 
occurs as -fault gouge in the Scossa mine workings. The 
second, or late Tertiary to early Quaternary hydrothermal 
event is represented by a large alteration halo and 
mineralized veins in the Silver Ridge Area.
Physical parameters such as chemistry, temperature, 
and pressure have not been and can not be specifically 
determined for each of the hydrothermal events. However, 
parameters of the two events are interpreted to be similar 
because mineralized rock from both systems contains abundant 
mercury and "low temperature" chalcedonic quartz suggesting 
that mineralized rock formed in shallow near— surface 
environments for both systems. Differences in 
mineralization between the two proposed hydrothermal events 
appear to have been influenced by the host rock-type. The 
mid—Tertiary event of the Gold Zone system occurred in 
interbedded fine to coarse grained sediments. Hydrothermal 
conduits through these Tertiary sediments were periodically 
sealed, hydrofractured, and resealed producing conditions
that effectively concentrated precious metals. The late 
Tertiary to early Quaternary event occurred in a very 
permeable fanglomerate unit that was not easily sealed. 
Instead, hydrostatic boiling dispersed the mineralization 
throughout a widespread area. However, sealing by a silica 
cap above the southeast portion of the Silver Ridge Area 
provided conditions that concentrated precious metals into 
three parallel vein systems below it. Recent erosion of 
the silica cap has exposed these vein systems.
Exploration should be continued on and around the 
Lantern property. The area contains many parameters 
that are fundamental in the development of an economic ore 
deposit such as: 1) evidence for good structural ground 
preparation; 2) evidence that hydrothermal systems (not one 
but two) operated in the area; 3) the Gold Zone boulders 
indicate that Tertiary sediments are exceptional host rocks; 
and 4) the source for the Gold Zone boulders has not yet 
been located.
Strong argillic, sericitic, and propylitic (?) 
alteration along the western border of the Silver Ridge
A
Area section 8, T. 33 N., R. 30 E. (Plate I) and (Figure 22) 
suggests that abundant H^S gas was evolved from boiling 
fluids above another structural conduit along the western 
boundary of the Silver Ridge Area. This area is a 
worthwhile target for further exploration because of: 1)
evidence for boiling at depth; and 2) Tertiary sediments
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which are excellent host rocks (illustrated by the Gold 
Zone boulders) are located in the hanging wall (?) of the 
structural conduit.
Additional study of the Lantern property might include 
dating the alunite veins in the Silver Ridge Area and 
adularia from the Gold Zone boulders (by potassium-argon 
methods) to further define the age relationships between 
the two mineralizing events. A more strenuous attempt at 
fluid inclusions might confine the limits of temperature, 
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